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1
PHOTOELECTRIC CONVERSION DEVICE

BACKGROUND

1. Technical Field

The present disclosure relates to photoelectric conversion
devices.

2. Description of Related Art

A photoelectric conversion device includes a circuit board,
a light emitting module, a light receiving module, and an
optical coupling member. The light emitting module and the
light recerving module are mounted on the circuit board. The
optical coupling member includes a first converging lens and
a second converging lens. The first converging lens 1s to be
aligned with and optically coupled with the light emitting
module, and the second converging lens 1s to be aligned with
and optically coupled with the light recerving module. Light
emitted from the light emitting module passes through the
first converging lens, and light from the second converging
lens reaches the light recetving module. The transmission
eificiency of light depends on the alignment precision
between the first converging lens and the light emitting mod-
ule and between the second converging lens and the light
receiving module. In particular, the higher the precision, the
higher 1s the transmission efficiency. Therefore, 1t 1s 1mpor-
tant to design a photoelectric conversion device having pre-
cise alignment between the first converging lens and the light
emitting module and between the second converging lens and
the light recerving module.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic, isometric view of a photoelectric
conversion device, according to an exemplary embodiment.

FI1G. 2 1s stmilar to FIG. 1, but viewed from another aspect.

FIG. 3 1s a sectional view of the photoelectric conversion
device of FIG. 1, taken along the line III-III of FIG. 1.

FIG. 4 1s a sectional view of the photoelectric conversion
device of FIG. 2, taken along the line IV-1V of FIG. 2.

DETAILED DESCRIPTION

Referring to FIG. 1, a photoelectric conversion device 100,
according to an exemplary embodiment, includes a circuit
board 10, a first light emitting module 20, a first light rece1v-
ing module 30, a second light emitting module 40, a second
light recerving module 50, and an optical coupling member
60.

The circuit board 10 includes a lower surface 12 and an
upper surface 14. The lower surface 12 and the upper surface
14 are positioned at opposite sides of the circuit board 10, and
the lower surface 12 1s parallel to the upper surtace 14.

The first light emitting module 20, the first light recerving,
module 30, the second light emitting module 40, and the
second light recerving module 50 are mounted on the upper
surface 14 and electrically connected to the circuit board 10.
In detail, the first light emitting module 20, the second light
emitting module 40, the second light recetving module 50,
and the first light receiving module 30 are arranged 1n one
line, and the second light emitting module 40, the second light
receiving module 50 are located between the first light emat-
ting module 20 and the first light recerving module 30. That 1s,
centers of the first light emitting module 20, of the second
light emitting module 40, of the second light receiving mod-
ule 50, and of the first light recerving module 30 are arranged
in one line. In this embodiment, the first light emitting module
20 and the second light emitting module 30 are vertical cavity
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surface emitting laser (VCSEL) diodes and are configured for
emitting light. The first light receiving module 40 and the
second light receiving module 50 are photo diodes and are
configured for recerving light.

Referring to FIGS. 2-3, the optical coupling member 60
includes a body portion 61, a first converging lens 62, a
second converging lens 63, a third converging lens 64, a
fourth converging lens 63, a fifth converging lens 66, a sixth
converging lens 67, a retlection portion 68, and two supports
69.

The body portion 61 1s a straight triangular prism and
includes a light incident surface 612, a first retlection surface
614, and a light output surface 616. The light incident surface
612 is parallel to the upper surface 14 of the circuit board 10.
The light output surface 616 perpendicularly extends from the
light incident surface 612. The first retlection surface 614 1s
obliquely interconnected between the light incident surface
612 and the light output surface 616. In this embodiment, an
included angle between the light incident surface 612 and the
first reflection surface 614 1s about 45 degrees, and an
included angle between the light output surface 616 and the
first reflection surface 614 1s about 45 degrees. A recess 610 1s
defined 1n the first reflection surface 614. The recess 610
includes a bottom surface 611 parallel to the light incident
surface 612 and the upper surface 14.

The first converging lens 62, the third converging lens 64,
the fourth converging lens 65, and the second converging lens
63 are formed on the light incident surface 612 and arranged
apart from each other. The first converging lens 62, the third
converging lens 64, the fourth converging lens 65, and the
second converging lens 63 correspond to the first light emit-
ting module 20, the second light emitting module 40, the
second light recerving module 50, and the first light receiving
module 30 respectively. The fifth converging lens 66 and the
sixth converging lens 67 are formed on the light output sur-
face 616 and arranged apart from each other.

The reflection portion 68, which has substantially the same
shape as the optical coupling member 60 but in miniature, 1s
positioned in the recess 610 and extends from the bottom
surface 611. The reflection portion 68 includes a second
reflection surface 682 and a third reflection surface 684. The
second reflection surface 682 and the third reflection surface
684 are oblique 1n relation to the bottom surface 611, and the
second reflection 682 1s perpendicularly connected to the
third reflection surface 684. In detail, an included angle
between the second reflection surface 682 and the bottom
surface 611 1s about 45 degrees, and an included angle
between the third reflection surface 684 and the bottom sur-
face 611 1s about 45 degrees.

The two supports 69 perpendicularly extend from the light
incident surface 612 and are arranged apart from each other.
In this embodiment, the first converging lens 62, the third
converging lens 64, the fourth converging lens 63, the second
converging lens 63, and the two supports 69 are arranged 1n
one line, and the first converging lens 62, the third converging
lens 64, the fourth converging lens 65, the second converging
lens 63 are located between the two supports 69.

The locational relationship between the first converging,
lens 62 and the third converging lens 64 1s substantially the
same as that between the first light emitting module 20 and the
second light emitting module 40. The locational relationship
between the first converging lens 62 and the fourth converg-
ing lens 63 1s substantially the same as that between the first
light emitting module 20 and the second light recerving mod-
ule 50. The locational relationship between the second con-
verging lens 63 and the third converging lens 64 1s substan-
tially the same as that between the first light receiving module
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30 and the second light emitting module 30. The locational
relationship between the second converging lens 63 and the
fourth converging lens 635 i1s substantially the same as that
between the first light recetving module 30 and the second
light recerving module 50.

In this embodiment, the body portion 61, the first converg-
ing lens 62, the second converging les 63, the third converging
lens 64, the fourth converging lens 65, the fifth converging
lens 66, and the sixth converging lens 67 are formed as a
unitary piece. The body portion 61, the retlection portion 68,
and the two supports 69 are separately formed. In alternative
embodiments, the body portion 61, the first converging lens
62, the second converging lens 63, the third converging lens
64, the fourth converging lens 65, the fifth converging lens 66,
and the sixth converging lens 67 may be separately formed,
and the body portion 61, the reflection portion 68, and the two
supports 69 are formed as a umitary piece.

When the photoelectric conversion device 100 1s
assembled, the optical coupling member 60 1s adhered on the
upper surface 14 with adhesive. In detail, first, the optical
coupling member 60 1s placed on the upper surface 14. In this
situation, the two supports 69 abut the upper surface 14, and
the first converging lens 62, the third converging lens 64, the
tourth converging lens 65, and the second converging lens 63
are roughly aligned with the first light emitting module 20, the
second light emitting module 40, the second light receiving
module 50, and the first light receiving module 30. Second,
clectrical power 1s applied to the second light emitting mod-
ule 40 and the second light receiving module 50 through the
circuit board 10. In this situation, light beams emitted from
the second light emitting module 40 enter 1nto the third con-
verging lens 64 and become parallel, and are reflected about
90 degrees toward the third reflection surface 684 by the
second reflection surface 682, and are then reflected about 90
degrees toward the fourth converging lens 65 by the third
reflection surface 684, and finally exit from the light incident
surface 612 to reach the second light receiving module 50.
Third, the optical coupling member 60 1s adjusted until the
intensity of the light beams received by the second light
receiving module 50 falls within a predetermined range. In
this situation, the second light emitting module 40 is finely
aligned with the third converging lens 64, the second light
receiving module 50 1s finely aligned with the fourth converg-
ing lens 65, thereby the first light emitting module 20 1s finely
aligned with the first converging lens 62, and the first light
receiving module 30 1s finely aligned with the second con-
verging lens 63. Fourth, glue 1s applied to sidewalls of the
supports 69 to fix the optical coupling member 60 on the
upper surtface 14. Thereby, the photoelectric conversion
device 100 has a high alignment precision and a high trans-
mission eificiency of light.

Referring to FIGS. 3-4, when 1n use, electrical power 1s
applied to the first light emitting module 20 and the first light
receiving module 30 through the circuit board 10, thus light
beams emitted from the first light emitting module 20 enter
into the first converging lens 62 and become parallel, and are
then reflected about 90 degrees toward the fifth converging
lens 66 by the first reflection surface 614, and are finally
converged into an external optical fiber (not shown) by the
fifth converging lens 66. Accordingly, parallel light beams
passing through the sixth converging lens 67 are reflected
about 90 degrees toward the second converging lens 63 by the
first reflection surface 614, and are finally converged into the
first light recerving module 30 by the second converging lens
63.

Even though numerous characteristics and advantages of
the present embodiments have been set forth 1n the foregoing,
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description, together with details of the structures and tunc-
tions of the embodiments, the disclosure 1s illustrative only,
and changes may be made in detail, especially in the matters
of shape, size, and arrangement of parts within the principles
of the disclosure to the full extent indicated by the broad
general meaning of the terms in which the appended claims
are expressed.

What 1s claimed 1s:

1. A photoelectric conversion device comprising:

a circuit board comprising an upper surface and a lower
surface opposite to the upper surface;

a first light emitting module;

a first light recerving module;

a second light emitting module;

a second light recerving module, the first and second light
emitting modules and the first and second light receiving
modules mounted on the upper surface and being apart
from each other; and

an optical coupling member comprising a light incident
surface facing toward the first and second light emitting,
modules and the first and second light receiving mod-
ules, a first retlection surface connected to the light inci-
dent surface, a first converging lens, a second converging
lens, a third converging lens, a fourth converging lens, a
second reflection surface, and a third retlection surface,
the first, second, third and fourth converging lenses
formed on the light incident surface and being apart from
cach other, the optical coupling member defining a
recess 1n the first reflection surface, the second and third
reflection surfaces arranged in the recess and perpen-
dicularly connected to each other, the first converging
lens optically coupled to the first light emitting module
and configured to direct light from the first light emitting
module to the first reflection surtace, the second con-
verging lens optically coupled to the first light recerving
module and configured to direct light reflected by the
first retlection surface to the first light recerving module,
the third converging lens optically coupled to the second
light emitting module and configured to direct light from
the second light emitting module to the second reflection
surface, the second reflection surface configured to
reflect the light from the third converging lens to the
third reflection surface, the fourth converging lens opti-
cally coupled to second light receiving module and con-
figured to direct the light from the third reflection surface
to the second light receiving module.

2. The photoelectric conversion device as claimed 1n claim

1, wherein the optical coupling member further comprises a
body portion, a reflection portion, and two supports, the body
portion comprises the light incident surface, the first reflec-
tion surface, and a light output surface, the light incident
surface 1s perpendicular to the light output surface, the first
reflection surface 1s interconnected between the light incident
surface and the light output surface, the supports extends from
the light incident surface and are arranged apart from each
other, and the supports are fixed on the upper surface.

3. The photoelectric conversion device as claimed 1n claim

2, wherein an included angle between the reflection surface
and the light output surface i1s about 45 degrees, and an
included angle between the reflection surface and the light
incident surface 1s about 45 degrees.

4. The photoelectric conversion device as claimed 1n claim

2, wherein the recess comprises a bottom surface, the bottom
surface 1s parallel to the upper surface and the light incident
surface, and the second reflection surface and the third reflec-
tion surface are connected to the bottom surface.
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5. The photoelectric conversion device as claimed 1n claim
4, wherein the optical coupling member 1s adhered to the
upper surface with adhesive.

6. The photoelectric conversion device as claimed 1n claim
5, wherein the first light emitting module, the second light 5
emitting module, the second light receiving module, and the
first light recerving module, are arranged 1n line, and the first
light emitting module, the second light emitting module, the
second light recetving module, and the first light receiving
module are located between the supports. 10

7. The photoelectric conversion device as claimed 1n claim
6, wherein the optical coupling member further comprises a
fifth converging lens and a sixth converging lens both formed
on the light output surface and apart from each other, the first
reflection surface 1s configured for reflecting light passing 15
through the first converging lens toward the fifth converging
lens, and retlecting light passing through the sixth converging
lens toward the second converging lens.

8. The photoelectric conversion device as claimed 1n claim
7, wherein the first light emitting module, the second light 20
emitting module, the first light recerving module, and the
second light recerving module are electrically connected to
the circuit board.
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